Abstract: The extraction process of ternary ion-association complexes of molybdenum(VI) with some polyphenols (4-nitrocatechol, 2,3-dihydroxy naphthalene) and thiazolyl blue has been investigated by using an extraction-spectrophotometric method. The optimum conditions for their quantitative preparation in aqueous medium and subsequent extraction into an organic solvent have been found. The extraction, distribution and association constants, and the recovery factors have been calculated. The composition of the complexes has been determined. A precise, sensitive and simple extraction-spectrophotometric method for determination of molybdenum in products from ferrous metallurgy has been developed.
Introduction
In aqueous solution, Mo(VI) ions react with polyphenols to form chelate complexes. In contact with bulky organic cations, these chelates form ternary ion-association complexes (TIAC) [1] [2] [3] [4] . Our investigations carried out with tetrazolium salts [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] , showed that TIAC are readily extracted into organic solvents and could be applied for extractionspectrophotometric determination of a number of metals.
Of interest to us are the negatively charged complex ions of Mo(VI) with polyphenols (PPh), which interact with tetrazolium cations [10, 11] . In the present work we have studied the formation and extraction of TIAC of Mo(VI) with the following PPh: 4-nitrocatechol (NC) and 2,3-dihydroxy naphthalene (DHN) on the one hand and the tetrazolium salt thiazolyl blue (MTT) on the other. A detailed study of the extraction equilibrium in the system Mo(VI) -PPh -MTT -water -organic solvent will allow the determination of the constants characterizing this equilibrium and for selecting satisfactory conditions for extraction-spectrophotometric determination of molybdenum in suitable samples.
Experimental part
A standard Mo(VI) solution with a concentration of 1 × 10 −2 mol/dm 3 was prepared by dissolving Na 2 MoO 4 · 2H 2 O. Polyphenol solutions were prepared with concentrations of 1×10 −2 mol/dm 3 (4-nitrocatechol, NC) and 6×10 −2 mol/dm 3 (2,3-dihydroxynaphtalene, DHN, chloroform solution), respectively. The concentration of thiazolyl blue (MTT) was 2 × 10 −3 mol/dm 3 . The other reagents were sulphuric acid, chloroform, dichloroethane and solutions of diverse ions and reagents. All reagents were of analytical grade from Fluka.
A Specol-11 spectrophotometer (Carl Zeiss, Germany) and a LAMBDA-15 PerkinElmer UV-VIS spectrophotometer (USA) were employed for absorbance measurements. The pH measurements were made with a TM-5 pH-meter (Germany) using a glass electrode.
Differential thermal analysis (DTA) and thermal gravimetric analysis (TGA) (employing a Q Derivatograph, Hungary) were carried out under the following conditions: sensitivity of DTA, 1 mV; DTG, 1 mV; TG, 100 mg; heating rate, 10
• min −1 ; sample mass 50 mg. All the studies were performed in air medium. A platinum crucible was used.
Procedure: The necessary amounts of Mo(VI), PPh (when water soluble), MTT and H 2 SO 4 to adjust the pH of the aqueous medium were placed in separatory funnels or extraction test tubes, diluted to 5 cm 3 with distilled water and extracted with an equal volume of organic solvent (or equal volume of chloroform solution of PPh). The samples were extracted and after phase separation, the organic layer was filtered through a paper filter into a 1 cm cell. The absorbance was measured against a blank prepared in the same way. The amount of Mo(VI) was estimated from a calibration graph plotted under similar conditions.
Results and discussion

Absorption spectra
The absorption spectra of the extracts of TIAC of Mo(VI) with polyphenols and tetrazolium salts contain a number of maxima. The maxima in the visible region characterize the complexation between Mo(VI) and polyphenols. The absorbance of the TIAC in this range is comparatively low but the blank absorption is insignificant. The maximum in the UV range is typical of a tetrazolium salt. It is cumulative and not shifted which supports the assignment of it to the ion-association between the polyphenolic chelate and MTT. Preliminary studies showed that the TIAC with PPh and MTT could be extracted with chloroform and dichloroethane. Chloroform was used for further investigations because of its better extraction ability. The absorbance in this solvent is stable for at least 1 h. The absorption spectra of the TIAC of Mo(VI) with NC & MTT and of the blank are given in Fig.1 . 
Optimum extraction-spectrophotometric conditions
The optimum conditions for extraction of Mo with PPh and MTT are shown in table 1. The results indicate that the system Mo(VI)-NC-MTT is the better one for extractionspectrophotometric determination of Mo. Number of samples 10 10
Molar abs.coeff.ε, l.mol −1 .cm −1 24100 ± 400 P = 95% 7000 ± 58 P = 95%
Determin. limits -absorp.units 0.050 0.050 -µg Mo/cm 3 0.2 0.7 Table 1 Optimum extraction-spectrophotometric conditions.
Composition, stability, distribution
The molar ratios in the reactions of Mo(VI) with PPh and MTT were determined by employing widely used spectrophotometric methods, namely the equilibrium shift method and the method of continuous variations [15] . It was established that under the optimum conditions the molar ratio Mo(VI):NC is 1:2. At a low concentration of NC the Mo(VI):NC ratio is 1:1. The Mo(VI) to MTT molar ratio was determined to be 1:2. The data from DTA and TGA (Fig. 2) proved the established ratios and showed that the complex obtained is stable up to 180
• C and can be used for analytical purposes. On the DTA curve three exothermal effects are observed. The first one is very fast and is connected with heat liberation. The next steps of oxidation and mass loss are associated with maxima at 420
• C and 515
• C. The total mass loss is 75.2 % at 1000 • C. On the basis of the obtained results we propose the scheme of interaction (Scheme 1).
Scheme 1 Formation and extraction of the ternary complex of Mo(VI) with NC and MTT.
In acid and neutral molybdate solutions containing DHN yellow chelates are formed [16] . According to M.Bartusek [17] the chelate MoO 2 R 2− 2 is formed in neutral molybdate solutions, containing o-diphenols, even in the presence of molybdate excess. In acid medium at pH 2.7 -4.7 the chelate is protonated in two different ways [18] . Formation of the chelate HMoO 2 R − 2 is proposed in solutions with a large excess of DHN or when extraction proceeds in the form of ion-association [19] . An easier pathway of protonation of the MoO 2 R 2− 2 is its partial hydrolysis combined with coordination of a hydrogen ion. The formula MoO 2 (OH)(OH 2 )R − was suggested [17] to give sound information on the configuration of the partly hydrolyzed protonated complex. Our studies on the Mo-DHN-MTT system by both the method of equilibrium shift and the method of continuous variations indicated that the Mo:DHN and Mo:MTT ratios are 1:1. These studies indicated that the reaction between Mo(VI), DHN and MTT takes place according to the Scheme 2.
[ The constants required for the quantitative assessment of the extraction equilibria (Table 2) were calculated as follows: the extraction constant K ex by the method of Likussar and Boltz [20] ; the distribution constant K D and the recovery factor R by comparing the absorption for single extraction ( 
Effect of diverse ions
The effect of various ions and reagents on the extraction of Mo(VI) with NC and MTT was studied under the optimum extraction conditions. The results are presented in Table 3 . For any interfering effect, a ±3 % deviation from the absorbance of TIAC in the absence of a foreign ion was accepted. Our studies, as well as the data obtained by other authors show that the interfering action of some foreign ions (Fe 3+ , Al 3+ , Cr 3+ , Nb(V), Ti(IV), Ge(IV), Mg 2+ etc.) [1,2,5,9,10] could be eliminated by their precipitation with OH -at pH 11. Vanadium could be coprecipitated with Fe 3+ in alkali medium [24] . The unprecipitated Fe 3+ , Al
Equilibrium constants Mo(VI)-DHN-MTT Mo(VI)-NC-MTT
No Ion C ion C ion /C M o Mo(VI)[µg] Mo(VI) [µg/cm 3 ] Found [%]
3+
and Cr 3+ could be masked with added Na-EDTA.
Application
Procedure for the determination of Mo in steels A steel sample of 1.0000 g (the mass of steel depends on its Mo content) is dissolved into 20 cm 3 of H 2 SO 4 (1:1). A 2 cm 3 aliquot of concentrated HNO 3 is added to dissolve the carbides. The dissolved sample is heated in a sand bath to remove the excess of HNO 3 until white fumes of SO 3 appear. After the excess of HNO 3 is removed, the solution is neutralized with 30 % NaOH until a stable precipitate appears. The latter is dissolved with a minimum amount of H 2 SO 4 (1:10). After cooling with running water, 10 cm 3 of a 25 % solution of ferroammonium sulfate are added and the solution is allowed to stand for 2 min. Then it is transferred into a 500 cm 3 volumetric flask containing 60 cm 3 of a hot 15 % solution of NaOH. The flask is shaken and after cooling, the contents are diluted to the mark with distilled water. The solution is filtered through double filter paper. A 10 cm 3 aliquot of the filtrate is taken and neutralized with 5N H 2 SO 4 . The volume of the acid consumed is recorded.
For the analysis of molybdenum a 100 cm 3 aliquot of the filtrate is taken and the required volume of 5N H 2 SO 4 is added to neutralize the medium. Aliquots (depending on Mo content) of this solution are placed into separating funnels followed by addition of 0. with distilled water, 5 cm 3 of chloroform are added and extracted for 2 min. After the phases are separated, the organic phase is transferred through filter paper into a 10 mm cell and its absorption measured at λ = 430 nm against a blank.
The method was checked by using model samples containing pure iron in amounts corresponding to that in the analysed steel and standard addition of Mo.
The method described was used for developing 10 parallel samples from each of two standard steels and ferromolybdenum. The results are given in Table 4 .
The described method of molybdenum determination in steels and ferromolybdenum gives excellent results and could compete successfully with the known and practiced methods [1, [22] [23] [24] .
Conclusion
The formation of the ion-association complexes of Mo(VI) with polyphenols NC and DHN, and tetrazolium salt MTT has been proved by the present study. The optimum conditions for the extraction of the ternary complexes have been found. The Mo(VI)-NC- Table 4 Results from analysis of steels and ferromolybdenum.
MTT complex has better characteristics, compared with those of Mo(VI)-DHN-MTT. A sensitive, precise, simple and low cost method for determination of Mo in products from ferrous metallurgy has been developed.
